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A digital television (DTV) including a smart electronic program guide (EPG) and operating 
methods therefor 
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The present invention relates generally to a digital television (DTV) system 
including an electronic program guide (EPG). More specifically, the present invention 
relates to DTV systems and corresponding methods for generating text input to a smart EPG 
search engine through character recognition. 

Digital television (DTV) technology provides the bandwidth for conveying 
both the viewed program and a large amount of data, e.g., an electronic program guide (EPG) 
such as that disclosed in U. S. Patent No. 5,541 ,738. It should be mentioned that the 738 
patent is incorporated herein by reference for all purposes. 

There are a number of ways that the viewer can interact with an EPG program. 
For example, the EPG program can present the viewer with one of more menus. During 
program selection or video cassette recorder (VCR) prograimning, the viewer is prompted 
with a menu. Selection of an item in a menu can, as often as not, lead the viewer to another 
menu. Several menus can appear on the viewers television. It will be appreciated that as EPG 
data become increasingly more complex, navigating these menu menus can present some 
problems for ordinary viewers who are not "computer Uterate". Moreover, scrolling and 
tabbing through EPG menu layers can become time consuming if the EPG data is organized 
into more than a smaU number of menu layers. 

Several different approaches to navigation of EPG data have been developed 
over the years. U.S. Patent No. 5,541.738 (discussed above) advocates the use of a remote 
control with a number of extra keys, which keys facilitate navigation through the EPG data. 
In contrast, there has been a significant amount of development in supplying text to a search 
engine comiected to the EPG so that viewer can input, for example, a desired program title 
and the DTV can cause the EPG to output all occurrences of that titie. Moreover, such search 
engines in the DTV can be operated to select and display all programs in a particular genre, 
i e sports. Once the list of candidate programs are presented to the viewer, the viewer can 
select a specific program by scrolling through the truncated program list. i.e.. the search 
results. 
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However, assuming that the viewer desires to input text into an EPG search 
engine in the DTV. there are several different possibilities for generating the requisite text. 
The first mechanism is a keyboard operatively connected to the DTV. Hie keyboard can be 
directly connected to the DTV or could be coupled to the DTV by infrared (IR) or radio 
frequency (RF) signals. However, it will be appreciated that the viewer now has to maintain 
two devices, the remote control and the keyboard. Moreover, if the viewer was intimidated 
by the EPG menus, the viewer is likely to be similarly uncomfortable with the use of an 
auxiliary keyboard. 

Fig. 1 illustrates a remote controller 1001 which has recentiy been introduced 
to the market place and which includes a touch screen 1010 and a virtual keyboard 1012. The 
virtual keyboard 1012 eliminates the concern regardingO the need to maintain several pieces 
of equipment, i.e., a remote controller and a keyboard, but does Uttte to alleviate the viewer's 
computer anxiety. Moreover, the small size of the virtual keyboard 1012 makes it difficult for 
the visually or physically challenged to see and/or operate this keyboard. 

Character recognition systems and methods are known. For example, U. S. 
Patent No. 5,545,857 discloses an alternative remote controller for recognizing characters 
written to a touch screen. U. S. Patent No. 5,673,337 discloses one such character recognition 
system. Recognition of the user's handwriting on a touch screen advantageously can be 
employed to input information to other devices such as personal digital assistants (PDAs). 
Moreover, a simUar touch screen could be incorporated into a DTV receiver to provide a 
source of text representing a key word, a tiUe, or a subject to a "smart" EPG program, i.e., an 
EPG program incorporating a search engine. However, in the case of the DTV, smce the 
viewer is sitting several feet away from the DTV receiver, the inclusion of a touch screen m 
the DTV does not provide a convenient way for the viewer to operate the EPG program. 

A remote controller which overcomes this limitation and, tiius, provides 
another possible soun:e of text for input to the search engine of tiie EPG included in tixe DTV 
is the remote controller disclosed in European Patent Application No. 0 633 661 Al (tiie EP 
661 application), which application is incorporated herein by reference. The EP 661 
application discloses a remote control device having a touch sensitive screen. More 
specifically Fig. 2 illustrates a remote controller 236, which includes a microprocessor 210 
operatively connected to ti»e touch screen 238. The microprocessor 210 interprets characters 
written on tiie touch screen 238 in accordance witii a program stored in EPROM 
212controller and outputs tiie characters to tiie DTV via a IR driver 214 and an IR transmitter 
216. A stylus 240 can be employed in writing characters on tiie touch screen 238. 
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Thus, the viewer can write letters on the touch screen 238. These letters are 
then recognized by the microprocessor 210 executing a character recognition program and 
transmitted to, for example, the search engine associated with the EPG in the DTV. It will be 
appreciated that the character recognition program represents a significant memory overhead 
for a remote controller, not to mention increasing the size and complexity of the 
microprocessor 210 employed in the remote controller 136. 

What is needed is an improved method for setting character data used in 
searching stored EPG data. Stated another way, what is needed is an improved method for 
providing search terms to the search engine associated with an EPG in a DTV without either 
a real or a virttial keyboard. It would be beneficial if the DTV system could be adapted to 
accept a variety of inputs. It would be particularly advantageous if the EPG system in the 
DTV included a search engine with a front end capable of accepting X and Y-axis position 
data. 



Based on the above and foregoing, it can be appreciated that there presently 
exists a need in the art for a digital television (DTV) incorporating a smart electronic 
program guide (EPG) system which overcomes the above-described deficiencies. The 
present invention was motivated by a desire to minimize the drawbacks and shorteommgs of 
20 the presenUy available technology, and thereby fulfill this need in the art. 

In one aspect, the present invention provides a digital television (DTV) 
system, which preferably includes a remote controller which generates X- and Y-axis 
position data, and an electronic program guide (EPG) controUer which receives position data 
responsive to the X- and Y-axis position data, which generates character data responsive to 
25 the position data, which searches EPG data for character stiings approximating the character 
data to thereby generate search results, and which outputs tiie search results to the screen of 
the DTV More specifically, the remote controller generates the X- and Y-axis position data 
responsive to movement of tiie remote controller. Hus movement can be determmed by 
either accelerometersoragyroscope included in the remote controller. Alternatively.theX- 

30 andY-axispositiondatacanbegeneratedbyapointingdeviccwhichcanbeeitiieratouch 

panel or a trackball. rrvr\rk 
In another aspect, the present invention provides a digital television (DTV) 
system includingaremote controller which generatesapluralityof different el«^^^^ 
signals occupyingapredetermined beam pattem,asensor array which determinesX-andY- 
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axis position data responsive to the relative position of the sensor array >vithin the beam 
pattern; and an electronic program guide (EPG) controller. Preferably, he EPG controUer 
accumulates position data responsive to the X- and Y-axis position data, generates character 
data responsive to the X- and Y-axis position data, searches EPG data for character strings 
approximating the character data to thereby generate search results, and outputs tiie search 
results to the screen of tiie DTV. Alternatively, the position data varies responsive to 

movement of the remote controller. 

In yet another aspect, the present invention provides a metiiod for operating a 
digital television (DTV) system storing electronic program guide (EPG) data responsive to 
X- and Y-axis position data generated by a remote controller. Preferably, the method includes 
steps for accumulating position data corresponding to the X- and Y-axis position data to 
thereby produce accumulated position data; recognizing character data included in tiie 
accumulated position data; searching the stored EPG data for character strings approximating 
the character data to tiiereby generate search results; and displaying the search results on the 
DTV Advantageously, tiie method also includes a step for generating tiie X- and Y-axis 
position data by moving tiie remote controller. Alternatively, tiie X- and Y-axis position data 
can be generated by moving eitiier a predetermined portion of tiie remote controller or a 
pointer relative to a predetermined portion of tiie remote controller. 

In a stiU further aspect, tiie present invention provides a metiiod for operating 
a digital television (DT^ syst^n storing electrode program guide (^^^^ 
X- and Y-axis position data generated by movement of a remote controller. Preferably, tiie 

metiiod includes steps for: 

transmitting a pluraUty of electromagnetic signals from tiie remote controller; 

sensing tiie beam pattern of tiie electromagnetic signals relative to a sensing 
array to tiiereby generate tfie X- and Y-axis position data; 

converting tiie X- and Y-axis position data into position data; 

accumulating position data corresponding to tiie X- and Y-axis position data to 
tiiereby produce accumulated position data; 

recognizing character data included in tiie accumulated position data; and 

searching tiie stored EPG data for character stoings approximating tiie 

character data to tiiereby generate search results; and 

displaying tiie search results on tiie DTV. 
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These and various other features and aspects of the present invention wUl be 
readily understood with reference to the following detailed description taken in conjunction 
with the accompanying drawings, in which like or similar numbers are used throughout, and 
in which: 

5 Fig. 1 is an iUustration of a remote controller providing a virtual keyboard for 

inputting character data; 

Fig. 2 illustrates a conventional remote controUer generating character data 

from hand written characters input on a touch screen; 

Fig. 3 is a block diagram showing a pointing device wireless transmitter of the 

10 present invention; - 

Fig. 4 illustrates a two dimensional (2D) remote controller according to a first 

embodiment of the invention; 

Fig. 5 is a block diagram illustrating selected portions of a DTV including a 

"smart" EPG processor of the present invention; 

Fig. 6 is a flowchart of the operation of the smart EPG processor according to 

the present invention; 

Fig. 7 te a perspective view of a three dimensional (3D) wireless remote 

controller according to a second embodiment of the invention; 

Fig. 8 is a front view of an ultrasonic wave (UW) generator and a pau: of 
20 infrared OR) emitters in the 3D remote controller iUustrated in Fig. 7; 

Fig. 9 is a side view of the arrangement of the UW generator and the IR 
emitters of the 3D remote controUer illustrated in Fig. 7; 

Fig. 10 is a plan view of the beam distribution pattern produced by tiie UW 

generator and the IR emitters of tiie 3D remote controUer of Fig. 7; 
25 Fig. 11 is a side view oftiie beam distribution pattern produced by tiie UW 

generator and tiie IR emitters oftiie 3D remote controller of Fig. 7; 

Fig. 12 is a block diagram of tiie transmitter side oftiie 3D remote controUer 

of Fig. 7; „ 

Fig. 13 is a block diagram oftiie receiver side oftiie 3D remote controller of 

Fig. HablockdiagramillustratingselectedportionsofaDTVincludinga 
"smart" EPG processor of a second embodiment oftiie present invention; 

Fig. 15 depicts a 2D remote controller according to a tiiird embodmient oftiie 

invention; 
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Fig. 16 illustrates a 2D remote controller according to a fourth embodiment of 

the invention; 

Fig. 17 a block diagram illustrating selected portions of a DTV including a 
fourth preferred embodiment of the "smart" EPG processor of the present invention; and 

Fig. 18 illustrates a 2D remote controller according to a fifth embodiment of 

the invention. 



Illustrative embodiments and exemplary applications wUl now be described 
with reference to the accompanying drawings to disclose the advantageous teachings of the 
present invention. 

While the present invention is described herein with reference to illustrative 
embodiments for particular applications, it should be understood that the invention is not 
limited thereto. Those having ordinary skill in the art and access to the teachings provided 
herein will recognize additional modifications, 

applications, and embodunents within the scope thereof and additional fields m which the 
present invention would be of significant utility. 

Fig. 3 is a block diagram showing a two dimensional (2D) wireless transmitter 
of a pointing device, such as a remote controller or computer mouse, according to the present 
invention. In one preferred embodiment of the invention, the 2D remote controller consists of 
a pointer 10 including a trackball lOA, a keypad 20. a controller 30. and anIR transmitter 40. 
Fig. 4 illustrates one possible arrangement of the 2D remote controller wherein the trackball 
lOA and keypad 20 are formed into a single device, i.e., remote controller 1 . Addition details 
are provide in U. S. Patent No. 5.673,087. which patent is incorporated herein by reference. 

discussed in detail below, the remote controller 1 advantageously generates 
X and Y coordinate data. i.e.. X- and Y-axis position data, which is applied to the DTV. 
Variance from the current position of the pointer 10 is calculated, based on an X and Y axes 
coordinate system, by controller 30 according to signals XA. XB. YA and YB. i.e.. electrical 
signals representing the movement of the trackbaU lOA of pointer 10. The result is converted 
into an IR signal via IR transmitter 40 and then output 

Fig. 5 illustrates an embodiment of the present invention showing selected 
portions of a DTV including a screen cursor overlay device that receives a signal from the 2D 
remote controller 1 shown in Fig. 3 and the smart EPG processor coupled 60 thereto. The 
circuitry shown in Fig. 5 includes an IR signal receiver/amplifier 50 for receiving an IR 
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signal from the 2D remote controller 1 and amplifying the received signal by a predetemiined 
gain. Furthermore, the DTV includes a controller 60 which, in an exemplary case, includes a 
microcomputer 61, and which receives the amplified IR signal and calculates and a cursor 
coordinate value. The controller 60 advantageously can output on-screen-display (OSD) data 
5 for displaying a menu on the screen of the DTV. 

The circuitry of Fig. 5 also includes an overlay unit 70 for receiving the cursor 
coordinate value and OSD data input from controller 60, and generating a red-green-blue 
(RGB) signal. An RGB mixer 80 mixes the RGB signal from overlay unit 70 with an external 
RGB signal. A driver 90 receives the RGB signal output from RGB mixer 80 so as to drive a 

10 screen display 100. 

IR signal receiver/amplifier 50 receives and amplifies the two X and Y-axis 
position data blocks generated by the controller 30 and broadcast by the IR transmitter 40 and 
delivers the amplified signal to controller 60. Controller 60 calculates a cursor coordinate 
value and delivers the X and Y screen data, i.e., screen position data, to overlay unit 70. 
15 Moreover, the controller 60 accumulates the X and Y position data, i.e., coordinates, and 
analyzes the accumulated position data using a character recognition routine or program, 
which advantageously can be stored in the read-only memory (ROM) 62 included in the 
controller 60. Character data generated by the character recognition routine is applied to a 
seareh engine, which advantageously can be executed on the controller 60 using instructions 
20 stored in ROM 61 and EPG data stored in random access memory (RAM) 62, which is also 
included in controller 60. Thus, controller 60 constitutes tiie smart EPG controller of the 
present invention. THe results produced by the seareh engine advantageously can be output 
as OSD data, which data wiU ultimately be displayed on screen display 1 00. 

TTie metiiod for operating tiie smart EPG controller according to the present 
25 invention will now be described while referring to Fig.6. The method begins at step SIO, 
when the viewer activates the remote controller 1 in the 2D (3D) position generating mode. 
In the exemplary case being discussed, tills advantageously can simply be tiie viewer 
operating the trackball lOA. Alternatively, step SIO can. also be initiated by operation of a 
mode selector key (not shown) on the keypad 20. In any event, at least X- and Y-axis 
30 position data advantageously are generated and transmitted to the receiver/amplifier 50, 

which applies the amplified X- and Y-axis position data to die controller 60 during step S20. 

During step S30, the controller 60 accumulates the position data correspondmg 
to tiie X- and Y-axis position data generated by remote controller 1 and applies tiie 
accumulated position data to a character recognition routine. A check is tiien performed at 
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step 40 to determine whether the accumulated position data includes recognizable characters. 
In the answer is negative, the character recognition routine of step S30 is repeated. However, 
it the answer at step S40 is affirmative, the character data is applied to an EPG search routine 
S50. which searches the EPG data for character strings matching, or at least approximating, 
the Ipplied character data. It will be appreciate that approximate matches are available from 
fuzzy logic search engines and the like. A query is then performed at step S60 to determine 
whether matching character strings have been located in the EPG data stored in RAM 63. 
When the answer is negative, step S50 is repeated untU a timer (not shown) in controUer 60 
times out. whereupon the search engine is reset. When the answer is affirmative, the search 
results are converted to OSD data and applied to the overlay unit 70 during step S70. During 
step S80, the cursor coordinates generated by controller 60 and applied to overlay unit 70 are 
employed to facilitate selection between the search results in the usual mamier. 

A three dimensional (3D) wireless remote controller 1' according to a second 
preferred embodiment of the present invention suitable for use with the DTV system will 
now be described while referring to Figs. 7-13. Additional details regarding the specific 
circuitry is found in U. S. Patent No. 5, 892,501, which patent is incorporated herein by 

reference for all purposes. 

Fig. 7 is a perspective view of an alternative DTV system which includes a 3D 
wireless remote controller 1' and both ultrasonic wave (UW) receiving sensors 132A. 132B, 
and 132C and anIR receiving sensor 133 disposed close to or on the DTV. Figs. 8 and 9 are 
front and side views of an arrangement of the IR emitters 11 1 A and 1 1 IB and the UW 
generator 1 12 in the remote controUer 1 ' shown in Fig. 7. It will be appreciated that the IR 
emitters 1 1 1 A and I UB are arranged in a Y-axis direction with an angle a between them and 
that the UW generator 1 12 is disposed midway between the IR emitters 1 1 1 A and 1 1 IB. The 
remote controller V and the receiving circuitry 45. which includes the sensors 1 132A-132C 
and 133 are arranged so that their axial directions are orthogonal to one another. Figs. 10 and 
1 1 are plan and side views of the beam distribution of the IR emitters 1 1 1 A and 1 1 IB and the 
UW generator 1 12 in the remote controller 1' shown in Fig. 7. 

Fig. 12 is a block diagram of the remote controller 1' in a 3D wireless remote 

controller 1', which includes: 

a keypad 1 13 having keys for moving a cursor, selection commands and 

operation conrmiands; 
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a periodic pulse generator 1 14 for receiving a key signal from the keypad 1 13 
and for generating periodic pulses of a code identifying waveform and a synchronization 



identifying waveform; 

a signal generator 1 15 for converting the periodic pulse signal generated in the 
periodic pulse generator 1 14 into IR signals PI and P2 and an UW signal P3 and overlapping 
these signals with carrier signals fcl and fc2; 

a carrier generator 1 16 for generating an IR carrier signal fcl and an ultrasonic 
carrier signal fc2 and for applying these signals to the signal generator 1 15 for preventing 
disturbance or interference of the IR signals and the UW signal during transmission; and 
a plurality of signal generators of IR emitters 1 1 1 A and.l I IB and an UW 
generator 1 12 for transmitting the IR signals P1+ fcl and P2+ fcl and the UW signal P3+ fc2 
from the signal generator 115 into a space. 

The IR emitters 1 1 1 A and 1 1 IB and the UW generator 1112 of the plurality of signal 
generators are arranged in a Y-axis direction at a predetermined angle a. 

Fig. 13 is a block diagram of signal receiving circuitry 45 associated with the 
3D wireless remote controller 1', which includes: 

a detector stage 130, i.e., a sensor array, having the plurality of UW receiving 
sensors 132A, 132B and 132C and the IR receiving sensor 133 mounted on or near the DTV 
and spaced predetermined distances apart m the X-axis direction crossed at a right angle to 
the IR emitters 1 1 1 A and 1 1 1 B and the UW generator 1 1 2 in the remote controUer 1 ' for 

detecting the UW and the IR signals; 

a spatial position analyzer stage 140 for converting the IR signal and the UW 
signals detected by the detector stage 130 into a digital signal and timing signals respectively 
and detecting phases of the UW signals with reference to the time when the IR signal is 
detected; and 

a microcomputer 150 for using an intensity of the IR signal and the phases of 
the UW signals digitized and detected in the spatial position analyzer 140 respectively in 
obtaining X. Y, Z coordinates of a position to determine a relative 3D position between the 
remote controller 1' and the detector 130. 

Advantageously, the detector stage 130 includes the plurality of UW receiving 
sensors 132A. 132Cand 132B for receiving the UW signals transmitted from the remote 
controUer l". Implifier/filters 134-1, 134-2 and 134-4 for amplifying the weak UW signals 
received at the UW receiving sensors 132A, 132Cand 132B, respectively, and envelope 
detectors 135-1, 135-2, and 135-4 for removing carrier signals from the UW signals from the 
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amplifier/filters 134-1. 134-2 and 134-4 respectively and detecting intensity levels of acoustic 
waves received at the UW receiving sensors 132A. 132B and 132C respectively. The detector 
130 also includes the IR receiving sensor 133 for receiving the IR signal transmitted from the 
remote controller 1', an amplifier/filter 134-3 for amplifying the weak IR signal received at 

5 the IR receiving sensor 133, an envelope detector 135-3 for removing a carrier signal from 
the IR signal from the amplifier/filters 134-3 and detecting an intensity level of the IR 
received at the IR receiving sensor 133. 

Still referring to Fig. 13, the signal receiving circuitry 45 advantageously 
includes the spatial position analyzer stage 140. which includes: 

jQ . a first comparator 141 for comparing an envelope wavefpim of the UW signal 

received at the UW receiving sensor 132A with an internal reference signal to convert into a 
timing signal; 

a second comparator 142 for comparing an envelope waveform of the UW 
signal received at the UW receiving sensor 132C with an internal reference signal to convert 

15 into a timing signal; 

a third comparator 143 for comparing an envelop waveform of the UW signal 

received at the UW receiving sensor 132B with an internal reference signal to convert into a 

timing signal; 

an Analog/Digital Converter (ADC) 144 for digitizing an envelope waveform 

20 of the IR signal received at the IR receiving sensor 133; 

a fourth comparator 145 for comparing an envelop waveform of the IR signal 
received at the IR receiving sensor 133 with an internal reference signal to convert into a 
timing signal for using as a reference signal in calculation of coordinates and code analysis; 

a phase difference detector 146 for detecting a relative phase difference of the 
25 "uwsignalfromeachofthefirsttothirdcomparators 141-143 with reference to a time when 

the IR from the fourth comparator 145 is detected; and 

a clock generator 147 for generating and applying clock signals to the phase 

difference detector 146. 

n,e operation of the 3D wireless remote controller 1' wiU now be described 
30 whilereferringtoFigs.7-13. Inthe3Dwirelessremotecontrollerr,receptionofakey 
signal from the keypad 1 1 3 causes the periodic pulse generator 1 14 to generate periodic 
pulses corresponding to a code identifying wavefomi according to the applied key signal. In 
addition, the key signal causes the pulse generator 1 14 to generate periodic synchronization 
pulses generates IR signals PI and P2 and an UW signal P3 , and applies the signal P1-P3 to 
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the signal generator 115. Then, the carrier generator 1 16 generates and applies an IR carrier 
signal fcl and an ultrasonic carrier signal fc2 to the signal generator 115. for preventing 
disturbance or interference of the UW and the IR signals during transmission. 

The signal generator 1 15 mixes the IR carrier signal fcl and the ultrasonic 
carrier signal fc2 from the carrier generator 1 16 with the IR signals PI and P2 and the UW 
signal P3 from the periodic pulse generator 1 14. respectively, and transmits the composite IR 
signalsPl+fcl andP2+fcl and UW signal P3+ fc2 through the IR emitters llAandllB 
and the UW generator 112. respectively. Then, the periodic pulse signal generated in the 
periodic pulse generator 1 14 is loaded on the IR signals. The distribution of the IR and the 
UW signals transmitted in the space through the IR emitters 1 1 1 A and 1 IIB and the UW 
generator 1 12 respectively is as shown in Figs. 10 and 11. 

The UW receiving sensors 132A. 132C and 132B in the detector 130. attached 
on both ends and center in an X-axis direction spaced predetermined distances apart at a 
lower part of the DTV, receive the UW signals transmitted from the remote controller 1'. and 
apply these signals to the amplifier/filters 134-1. 134-2 and 134-4 comiected to the UW 
receiving sensors 132A. 132C and 132B, respectively. In addition, the IR receiving sensor 
133 which is also attached to the DTV. receives the IR signal transmitted from the remote 
coniroUer 1', and applies that signal to the amplifier/filter 134-3. Hie IR receiving sensor 133 
receives the signal transmitted from the IR emitter 1 1 1 A and, after a predetermmed tmie, 
receives the signal transmitted from the IR emitter 1 1 IB. 

Accordingly, the ampUfier/filter 134-1 amplifies the UW signal received at the 
UW receiving sensor 132A and provides its carrier frequency band to the envelope detector 
135-1- the envelope detector 13 5-1 removes the carrier frequency fiom the output of the 
amplifier/filter 134-1 and detects an amplitude level of the acoustic wave received at the UW 
receiving sensor 132A. Tlie ampUfier/filter 134-2 Ukewise amplifies the UW signal received 
at the UW receiving sensor 132C and produces its carrier frequency band to the envelope 
detector 135-2, which removes the carrier frequency from the output of the amplifier/filter 
134-2 and detects an amplitude level of the acoustic wave received at the UW receiving 
sensor 132C. The amplifier/filter 134-3 also amplifies the IR signal received at the IR 
receiving sensor 133 provides only its carrier frequency band to the envelope detector 135-3; 
the envelope detector 135-3 removes the carrier frequency from the output of the 
amplifier/filter 134-3 to detect an intensity level of the light received at the IR receiving 
sensor 133. Moreover, the amplifier/filter 134-4 amplifies the UW signal received at the UW 
receiving sensor 132B and provides the carrier frequency band to the envelope detector 
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135-4; the envelope detector 135-4 removes the carrier frequency from the output of the 
amplifier/filter 134-4 and detects an amplitude level of the acoustic wave received at the UW 

receiving sensor 132B. 

The output from the envelope detector 135-1 is applied to the first comparator 

5 141 in the spatial position analyzer stage 140. which compares the envelope waveform of the 
UW signal received through the UW receiving sensor 132A to an internal reference signal 
and generates a first timing signal, which signal is applied to the phase difference detector 
146. The output from the envelope detector 135-2 is applied to the second comparator 142, 
which compares the envelope waveform of the UW signal received through the UW 

10 receiving sensor 132C to an internal reference signal and generates a second timing signal, 
which is also applied to the phase difference detector 146. The output from tiie envelope 
detector 135-4 is applied to the third comparator 43. which compares the envelope waveform 
of tiie UW signal received through the UW receiving sensor 132C to an internal reference 
signal and generates a tiiird timing signal, which again is applied to tiie phase difference 

15 detector 146. 

Furthennore, tiie output from tiie envelope detector 135-3 which detects the 
envelope of tiie IR signal received at tiie ADC 144 in tiie spatial position analyzer 140 and 
generates a digital signal, which is applied to tiie microcomputer 150 as well as tiie 
comparator 145 where tiie digital signal is compared witii an internal signal in order to 
20 generate a fourth timing signal. The output from tiie fourth comparator 145 is applied to tiie 
phase difference detector 1 46 as a reference signal for use in a coordinate calculation as well 
as to tiie microcomputer 150 for analyzing a code. That is, tiie output of tiie fourth 
comparator 145, which converts tiie IR signal into tiie fourth timing signal, is employed as an 

all purpose referaice signal. 

25 Synchronous witii tiie clock generated in tiie clock generator 147, tiie phase 

difference detector 146 detects an arrival time difference of each of tiie UW signals received 
tiirough tiie first to tiiird comparators 14M3 witii reference to an arrival time of flie IR signal 
received tiirough tiie fourth comparator 145 to detect a phase difference of each of tiie UW 
signals and applies tiiese differences to tiie microcomputer 150. Hie microcomputer 150 

30 uses tiie time intervals in tiie timing signal from tiie fourth comparator 145 in analyzing a 
code identifying waveform and a synchronization identifying waveform, conducts a general 
process if tiie identified code is a command code not requiring a movement of tiie cursor, and 
calculates X-, Y-, Z-axis coordinates of tiie data from tiie spatial position analyzer 140 if tfie 
identified code is a command code for a movement of tiie cursor. If tiie identified code is a 
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command code for a movement of the cursor, since each of the phases of the UW signal from 
the UW generator 1 12 received at the UW receiving sensors 132A. 1 32B and 132C will show 
a relative difference depending on X-axis angles between the UW signal and the UW 
receiving sensors 132A, 132B and 132C, the microcomputer 150 uses this phenomenon in 
calculating the X-axis coordinate. 

In short, since the phase difference detector 146 calculates a detection time 
difference for each of the UW signals detected with respect to the detection time of the IR 
signal and applies these difference signals to the microcomputer 150, the microcomputer 150 
measures a relative phase difference of each of the UW signals, which phase differences 
advantageously can be employed in calculating an X-axis coordinate, i.e., the X-axis position 
data. Furthermore, since intensity levels of the IR signals from the IR emitters 1 1 1 A and 
1 1 IB at the IR receiving sensor 1 33 will show a relative difference depending on Y-axis 
angles between the IR signals and the IR receiving sensor 133, the microcomputer 150 uses 
this phenomenon in calculating the Y-axis coordinate, i.e., the Y-axis position data. 

It wiU also be appreciated that the differences in the arrival times of the UW 
from the UW generator 1 12 at the UW receiving sensor 132A, of the UW from the UW 
generator 112 at the UW receiving sensor 132B,andoftheUWfromtheUW generator 112 
at the UW receiving sensor 132C, can be averaged to obtain the Z-axis coordinate value. 
Tim the microcomputer 150 obtains the X-, Y-. Z-axis coordinates to determine the 3D 
relative position difference between the remote controller r and the detector 130. These 
coordinates advantageously can be applied to the receiver/amplifier 50', which is illustrated 
in Fig 14. It will be appreciate that the circuitry 45 and the receiver/amplifier 50 illustrated m 
Figs. 13 and 14 advantageously can be combined, either alone or with the controller 60 to 
eliminate redundant components and minimize the cost of the DTV system. 

Additional preferred embodiments of the present invention will now be 
described while referring to Figs. 15-18. However, since most of the circuitry wiU be 
virtually identical to that iUustrated and described with respect to Figs. 3 and 5. only those 
features which are different will be described in any detail. 

Fig 15 is a high level block diagram of a remote controller 1", which is 
substantially similar to the remote controller 1 but for the replacement of the pointer 10 with 
a touch panel 10". This touch panel advantageously can be similar to the touch screen 
disclosed in the EP 661 application, which was discussed above. It will be appreciated that 
the controller 30 receives only X and Y position information from the touch panel 10". 
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otherwise the operation is the same, i.e., the controUer encodes the position data for 
transmission to the receiver/amplifier 50. 

In accordance with a fourth preferred embodiment of the invention, the pointer 
10 in the remote controller 1 advantageously can be replaced by a low-cost laser gyroscope 
10'", thus producing the remote controller 1"', as illustrated in Fig. 16. It will be appreciated 
that the laser gyroscope can be of the type disclosed in U. S. Patent No. 5, 960,022, which 
patent is incorporated by reference for all purposes. It will also be appreciated that the laser 
gyroscope advantageously can generate either 2D or 3D position data, which is applied to the 
smart EPG controller 60 in the DTV. It should be mentioned that Z-axis data can be provided 
to the controller 60 via the receiver SO'", wherein the Z-axis data can be employed to 
differentiate motion corresponding to character data from other types of data, as shown in 
Fig. 17. 

Moreover, a fifth preferred embodiment of the remote controller for ti»e smart 
EPG controller replaces the pointer 10 with a plurality of accelerometers, e.g., 
accelerometers lOx and lOy in position sensor 10"", as illustrated in Fig. 18. It will be 
appreciated that the accelerometers provide X- and Y-axis position data to the controller 30, 

as discussed in detail above. 

Thus, by moving the remote control with respect to a "reference" pomt, the 
remote control generates a set of (x, y) coordinates by measuring die relative position of the 
remote control with respect to the reference point. The reference point advantageously can be 
the natiiral or resting position with which the viewer holds the remote contirol. It will be 
appreciated tiiat the viewer can "draw" letters by moving the remote control relative to the 
reference pomt. The trajectory of the movement is measured/sampled, in exemplary cases, by 
die gyroscope or the accelerometers to thereby generate the set of (x, y) coordinates, i.e., the 
X- and Y-axis position data. This set of (x. y) coordinates are transmitted to die DTV using 
RF or IR signals as they are generated. 

The DTV, after receiving the set of (x, y) coordinates, converts these 
coordinates to position data relative to die smart EPG controller's data space, e.g.. screen 
position data. The smart EPG controller accumulates this position data to form lines, strokes 
or otiier suitable data structures suitable for input to tiie character recognition routine. Any 
characters recognized will be applied to the search engine of die smart EPG controller, and 
any exact or approximate matches, depending on die viewer's preferences, will be displayed 
as search results on die DTV. The viewer can tiien select die desired program from the 



WOOl/33838 PCT/EPOO/10006 

15 

search results usmg the remote controller, either in the conventional manner or by writing 
further characters in the air to signal the viewers selection. 

It should again be mentioned that the Z-axis position data advantageously can 
be used to signal meaningful positiondata from non-meaningful movements. For example. 
5 many character recognition routines and programs are more effective when the user forms 
characters as a particular sequence of strokes. Using the Z-axis position data, the viewer can 
differentiate meaningful strokes from noise strokes simply by drawing meaningful stokes 
between the reference point and the DTV or digital VCR being operated. All stroke made 
behind the reference point will be considered noise strokes, which permits the viewer to 
10 reposition the remote controller (l"', l"") prior to making the next meaningful stroke. 

In summary, a digital television (DTV) system includes a remote controUer 
and an electronic program guide (EPG) controller. TTie remote controller generates X- and Y- 
axis position data. Moreover, the EPG controller receives position data responsive to the X- 
and Y-axis position data, generates character data responsive to the position data, searches 
15 EPG data for character strings approximating the character data to thereby generate search 
results and outputs the search results to the screen of the DTV. According to one aspect of 
the invention, the remote controller generates the X- and Y-axis position data is generated 
responsive to movement of the remote controller. This movement can be determmed by 
either accelerometers or a gyroscope included in the remote controUer. According to another 
20 aspect of the invention, the X- and Y-axis position data can be generated by a pomtmg 
device, which can be either a touch panel or a trackball. 

Alternatively, tiie DTV system includes a remote controller which generates a 
plurality of different electromagnetic signals occupying a predetermined beam pattern, a 
sensor array which determines X- and Y-axis position data responsive to ti.e relative posiUon 
25 of the sensor array witiiin tiie beam pattern, and an electronic program guide (EPG) 

controller. Preferably, tiie EPG controller accumulates position data responsive to the X- and 
Y-axis position data, generates character data responsive to tiie X- and Y-axis position data, 
searches EPG data for character strings approximating tiie character data to tiiereby generate 
search results, and outputs tiieseaich results to the screen of the DTV.Accordmg to one 

30 aspect of tiie invention, the position data varies responsive to movement of the remote 

controller. 

Moreover, a method for operating a digital television (DTV) system storing 
electronic program guide (EPG) data responsive to X- and Y-axis position data generated by 
a remote controller advantageously includes steps for accumulating position data 
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corresponding to the X- and Y-axis position data to thereby produce accumulated position 
data, recognizing character data included in the accumulated position data, searching the 
stored EPG data for character strings approximating the character data to thereby generate 
search results, and displaying the seareh results on the DTV. According to one aspect of the 
invention, the method also includes a step for generating the X- and Y-axis position data by 
moving the remote controller. Alternatively, the X- and Y-axis position data advantageously 
can be generated by moving either a predetermined portion of die remote controller or a 
pointer relative to a predetermined portion of the remote controUer. 

Finally, a metiiod for operating a digital television (DTV) system storing 
electronic program guide (EPG) data responsive to X- and Y-axis position data generated by 
movement of a remote controller includes steps for: 

transmitting a plurality of electromagnetic signals from tiie remote controller; 

sensing tiie beam pattern of tiie electromagnetic signals relative to a sensing 
array to tiiereby generate tiie X- and Y-axis position data; 

converting tiie X- and Y-axis position data into position data; 

accumulating position data corresponding to tiie X- and Y-axis position data to 

thereby produce accumulated position data; 

recognizing character data included in tiie accumulated position data; and 
searching tiie stored EPG data for character strings approximating tiie 

character data to tiiereby generate search results; and 

displaying the search results on tiie DTV. 

Finally, it should be mentioned tiiat all of tiie U. S. Patents and tiie European 
Patent AppUcation discussed above are incorporated by reference, to tiie maximum extent 
possible, into tfiis application for all purposes. 

Altiiough presenfly preferred embodiments of tiie present invention have been 
described in detail hereinabove, it should be clearly understood tiiat many variations and/or 
modifications of tiie basic inventive concepts herein taught, ^vhich may appear to tfiose 
skilled in tiie pertinent art, will still M witiiin tiie spirit and scope of tiie present invention, as 
defined in tiie appended claims. 
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CLAIMS: 



1 A digital television (DTV) system comprising: 

a remote controller (1, 1', 1", 1"', 1"") which generates X- and Y-axis position 

data; and 

an electronic program guide (EPG) controller (60) which receives position 
5 data responsive to the X- and Y-axis position data, which generates character data responsive 
to the position data, which searches EPG data for character strings approximating the 
character data to thereby generate search results, and which outputs the search results to the 
screen of the DTV. 

10 2 The DTV system as recited in claim 1, wherein the remote controller (1"', 1"") 

generates the X- and Y-axis position data is generated responsive to movement of the remote 
controller. 

3 The DTV system as recited in claim 2, wherein the remote controUer (1"") 
15 comprises a plurality of accelerometers generating raw data corresponding to the X- and Y- 

axis position data. 

4 The DTV system as recited in claim 2, wherein the remote controller (1'") 
comprises a laser gyroscope generating raw data coixesponding to the X- and Y-axis position 

20 data. 

5 -nie DTV system as recited in claim 1 , wherein the remote controller further 
(1. 1") comprises a pointing device which generates raw data corresponding to the X- and Y- 
axis position data. 

6. The DTV system as recited in claim 5, wherein the pointing device comprises 

a touch panel (10"). 



10 
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7 The DTV system as recited in claim 5, wherein the pointing device comprises 

a track ball (IDA). 

8. A digital television (DTV) system comprising: 

a remote controller(l') which generates a plurality of different electromagnetic 
signals occupying a predetermined beam pattern; 

a sensor array (45) which determines X- and Y-axis position data responsive 
to the relative position of the sensor array within the beam pattern; and 

an electronic program guide (EPG) controller (60) which accumulates position 
data responsive to the X- and Y-axis position data, which generates character data responsive 
to the X- and Y-axis position data, which searches EPG data for character strings 
approximating the character data to thereby generate search results, and which outputs the 
search results to the screen of the DTV, wherein the position data varies responsive to 
movement of the remote controller. 



15 



9. A method for operating a digital television (DTV) system storing electronic 

program guide (EPG) data, responsive to X- and Y-axis position data generated by a remote 

controller, comprising: 

accumulating position data corresponding to the X- and Y-axis position data to 

20 tiiereby produce accumulated position data; 

recognizing character data mcluded in the accumulated position data; 
searching the stored EPG data for character strings approximating tiie 
character data to thereby generate search results; and 

displaying the search results on the DTV. 



25 



30 



10. The method as recited in claim 9, further comprising: 

generating tiie X- and Y-axis position data by moving the remote controller. 

11 The method as recited in claim 9, fiirther comprising: 

generating the X- and Y-axis position data by moving a predetermined portion of the remote 

controller. 



12. 



The metiiod as recited in claim 9, fiirther comprising: 
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generating the X- and Y-axis position data by moving a pointer relative to a predetermined 
portion of the remote controller. 

13. A method for operating a digital television (DTV) system storing electronic 

program guide (EPG) data responsive to X- and Y-axis posttion data generated by movement 

of a remote controller, comprising: 

transmitting a plurality of electromagnetic signals from the remote controUer; 

sensing the beam pattern of the electromagnetic signals relative to a sensing 
array to thereby generate the X- and Y-axis position data; 

converting the X- and Y-axis position data into position dat^ 

accumulating position data corresponding to the X- and Y-axis position data to 

thereby produce accumulated position data; 

recognizing character data included in the accumulated position data; 

searching the stored EPG data for character strings approximating the 
character data to thereby generate search results; and 

displaying the search results on the DTV. 

14. lUe method as recited in claim 13. wherein the X- and Y-axis position data 

varies responsive to movement of the remote controUer. 
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